Objective: Our hypothesis was that including cognitive status and syndromal depression in specifying functional impairment would result in significant differences in estimates of active life expectancy from specifications that included only standard functional measures (such as activities of daily living). Method: The subjects were the 3481 continuing participants of the Baltimore Epidemiologic Catchment Area Program. Interviews included criterion-based diagnosis of depression, assessment of cognitive status and standard survey questions on function. Results: Estimates of active life expectancy decreased from 9.8 years to 8.9 years at age 65 years for men, and from 10 years to 8.4 years at age 65 years for women, when the definition of active life expectancy included measures of cognitive impairment and syndromal depression. Conclusion: Measurements of active life expectancy tend to ignore dependencies related to psychological causes, and should move beyond mere enumeration of activities of daily living and instrumental activities of daily living.
Introduction
The notion of active life expectancy is useful in assessing need for health care services such as home care and nursing home care (l), to evaluate programmes for the disabled (2) , and to monitor inequalities in health among social groups (3). These concerns are magnified in the United States where managed health care organizations are playing a wider role in the care of health (7-9). We hypothesized that the use of definitions of ALE that do not include measures of mental status will overestimate active life expectancy, and this will be most evident among older adults.
Investigators have made significant progress on common measures of health expectancy across populations (3), but headway in employing definitions of active life expectancy that include mental status assessment has lagged behind. Kunkel and Applebaum defined disability to include cognitive impairment as well as ADL and IADL impairment (l), although these authors did not describe the nature of the assessment. Maddox and Clark introduced a measure of subjective wellbeing in deriving an index of disability (10). Manton and Stallard applied grade-of-membership analysis to data on functional and cognitive status, achieving detailed subtyping of individuals according to measures of function and cognitive impairment (1 1) . Gispert and colleagues focused on a general measure of psychological distress to assess mental health expectancy at the population level, but did not include standard measures of disability (9). Evans recommended the term 'healthy ALE', suggesting that some forms of illness, such as depression, are significant enough in their own right and should be included in definitions of active life (12) .
In these analyses we expand the definition of 'active life' to include freedom from some forms of psychopathology, and then estimate the resultant ALE. The aim is to assess the effect of alternative methods for operationalizing functional limitations and psychological impairments on both ALE and the estimates of dysfunctional health. Our basic approach was to formulate measures that will reproduce previously used definitions of functional impairment but to add measures of psychopathology, so that alternative definitions of dysfunctional health can be compared and their differences appreciated.
Material and methods
The Baltimore Epidemiologic Catchment Area Follow-up The Epidemiologic Catchment Area (ECA) Program was a series of five co-ordinated psychiatric epidemiological surveys carried out from 1978 to 1983 (see (1 3) for an overview of the study and ( 14) for a detailed discussion of methodology). The ECA interviews were based on the Diagnostic Interview Schedule (DIS; (15)), a highly structured interview schedule designed to resemble a psychiatric interview and to yield diagnoses of mental disorders to the latest standards of the American Psychiatric Association (set forth in the Diagnostic and statistical manual, DSM-111-R; (I 6) and DSM-IV; (17)). In general, the reliability and validity of the DIS is as good or better than field instruments in other speciality areas of epidemiology, and the DIS and its derivatives remain by far the most widely used instrument in the field of psychiatric epidemiology (18, 19) , with good reliability and validity (20, 21) .
At the Baltimore site, the entire cohort of 3481 persons aged 18 years and older surveyed at the first interview also was subject to tracing 13 years later. The same wording of questions regarding functional and mental status was used at follow-up as at baseline. If respondents were too ill or impaired to interview, an informant was enlisted to provide current information on functional and cognitive status. The subjects gave permission for future follow-up at the baseline interview, and the protocol was reviewed and approved by the Committee on Human Research of the Johns Hopkins University School of Hygiene and Public Health.
Variables under study
Functional status. ADLs and IADLs were assessed with respect to standard activities used to define functional status. Functional status was considered to be impaired if at least one activity was unable to be performed without help. ADLs consisted of standard survey items on getting to bed by oneself, dressing and undressing, taking a bath or shower, using the toilet and using a knife and fork to cut up food. IADLs consisted of preparing meals, cleaning house, using the telephone, keeping track of money and bills and being able to get together with friends.
Cognitive impairment. At baseline, cognitive status was determined by an in-person interview, the Mini-Mental State Examination (MMSE; score less than 24 out of a possible 30 indicating impairment (22)). At follow-up, cognitive status was determined either by an in-person MMSE, by a telephone assessment in which the Telephone Interview for Cognitive Status (TICS) was administered (score less than 28 of a possible 50 indicating impairment; (23, 24)), or by report of an informant that the subject exhibited difficulty with 'memory, judgement, or thinking'.
Major depressive disorder. Significant depression was defined for this analysis as symptoms meeting diagnostic criteria of depression according to the standards of the DSM-111-R (25) within the 1 year preceding the interview. Our threshold for depression therefore is set at the syndromal level, in contrast to the use of a general measure of psychological distress.
Definitions of ALE Four definitions of impairment were employed in this study: 1) at least one ADL or IADL impairment ('functional impairment'); 2) functional impairment or cognitive impairment; 3) functional impairment or major depressive disorder; and 4) functional impairment, depression or cognitive impairment. The alternative definitions of ALE provide the ability to estimate ALE across definitions of disability that include measures of psychological status.
Study sample A total of 3481 persons were interviewed in the household survey in Baltimore in 1981 (Table 1) . Vital status was determined at 13-year follow-up for 2655 persons; the remaining persons refused to be interviewed or were lost to follow-up over the course of the 13-year interval ( Table 1 ). The National Death Index was used to search death certificate data for matches to identifying information in the sample. Credible evidence that a subject had died was obtained for 826 subjects. The persons who were interviewed in 1994 were similar to persons who had survived the 13 years since the (27), who studied disability insurance using a model with two active states, healthy and disabled. In recent years, multistate life tables have been frequently used in applied work (28), and the technique has been adopted by researchers concerned with characterizing active life expectancy (29). The multistate life table model can provide estimates of remaining life spent in inactive and active states, taking into account the dynamic nature of disability.
Multistate life tables follow the experience of a hypothetical cohort as it passes through life subject to a specified set of risks of death and of movement between different living states. Transition probabilities indicate the likelihood that an individual in state i at the beginning of an interval will be in state j at the end of that interval, and may be computed conditional on age, sex, and other important personal characteristics.
In our analysis, we consider three states: i and j take on the values of a (affected), u (unaffected), and d (dead). The probability of being classified as either affected, unaffected, or dead must equal one. Because the observed time points are separated by 13 years, our life tables have 13-year age intervals (i.e. n = 13). While a shorter interval would be preferable, life tables have frequently been calculated using 10-year intervals. With longer age intervals, some interstate movements are 'missed' in the sense that they are not directly reflected in the data (e.g. a person who was in state u at the initial time point moved to state a, but returned to state u before the second observation, would simply be recorded as being in state u at both time points). However, the Markov assumption that underlies the life table recognizes the possibility of multiple moves in such instances, and even allows for the calculation of the probability that a person in the same state at the beginning and end of an interval moved out and back in during the interval (cf. chapter 12 (30)). The problem is that the Markov assumption that the risk of movement depends only on age and state, and is completely independent of one's history of prior movements, is usually counterfactual. The direction and magnitude of errors introduced by our reliance on the Markov assumption are difficult to estimate with any precision, but we believe that they do not threaten the validity of the life tables.
In general, the calculation procedures follow those in Schoen (31, . So that the table will provide values for exact age 65, the data were grouped into year of age categories 18-25, 26-38, 39-51, 52-64, 65-77 and 78 and older. (In effect, we assume that the experience of those 18-25 is the same as those 13-25.) It was not necessary to smooth the data. The life table begins with a hypothetical cohort of 1000 persons at exact age 26 years. The initial cohort was divided between the active and inactive states using data from adjacent age groups. Specifically, the proportion active at exact age 26 was taken as the arithmetic mean of the proportions active at ages 18-25 and 2G38. The transition probabilities for ages 26-39 were calculated from survivorship proportions for age groups 18-25 and 26-38 using the ReesWilson assumption (32), and similar calculations were made throughout the table. For the final age interval, rates of transfer between living states at ages 78+ are assumed to be identical to those at ages 65-77. Death rates for ages 78+ are those given in the 1990 US life tables for ages 80+ (i.e. 0.1413 for males and 0.1113 for females (33)). 
Results
The percentages of persons meeting criteria for different definitions of ALE at baseline are shown in Table 2 . Overall, the addition of psychiatric disturbance to the definition of impairment increases the percentage of individuals defined as disabled from 15% to 22.5%. Across the age strata employed in this study, there is a clear relationship between increasing age and the percentage of persons reporting functional impairment. The addition of psychiatric disturbances to the definition has a marked effect on the numbers of persons defined as disabled, although the relative effects of depression and cognitive impairment appear to differ across the age groups. For example, depression does not appear to markedly change the percentage of adults aged 65 years and older defined as disabled at baseline. Depression had a greater effect on the prevalence of disability at the younger ages. Table 3 contains the transition probabilities according to various definitions of active life expectancy. As a general rule, older persons were more likely than younger persons to make a transition to an impaired state or to death, while younger persons were more likely to recover function (move from an 'impaired' to an 'active' state). Men aged 78 years and older were more likely than women aged 78 years and older to die from a state without disability, regardless of the definition of disability that is used. At every age transition, men were also more likely to make the transition from an impaired state to death. Although younger persons were more likely to recover function, there was still a substantial proportion of older adults who recovered function, about 5-1 0% overall (lower right-hand portion of Table 3 ).
Estimates of active life expectancy derived from the multistate life table method are shown in Table 4 . The addition of psychiatric disturbances decreases the amount of active life that can be expected at each age. Among both men and women, the inclusion of depression in definitions of ALE does not substantially change the estimate of ALE, except among younger women. The addition of cognitive impairment to the definition of ALE does appear to substantially influence the amount of time that can be expected to be spent in active life. For example, among older men, the addition of cognitive impairment to the definition of ALE diminishes the estimate of ALE by about 1 year. Among older persons, even 1 year represents a substantial proportion of remaining total life expectancy. The estimates of ALE among women diminished by about 2 years when cognitive functioning is included in the definition of ALE. Depression decreases the estimate of ALE by more than 1 year for the women at the youngest ages.
Discussion
In this 13-year follow-up of a community sample, a definition of active life expectancy that included mental status, particularly cognitive impairment, was associated with an increase in the estimate of years of impairment and changes in transition rates, especially among older adults. To derive these results we used the multistate life table method to estimate years of active life remaining free of impairment according to various definitions of active life. However, our findings were not wholly consistent with our hypothesis about the contribution of major depressive syndrome to active life expectancy.
Before discussing implications, the limitations of the study require comment. First, we cannot be sure of the extent to which findings might be influenced by differential mortality and loss to follow-up, because we do not know the functional or mental status of persons who died or who otherwise did not participate in the follow-up interview. Since cognitive impairment in 198 1 was associated with loss to follow-up in 1993 (26), the current estimates of ALE should be conservative because persons who were cognitively impaired in 198 1 would have contributed to the years spent impaired. Secondly, the results are limited to a single site in the United States, and the conclusions about definitions of ALE may not be representative of the United States as a whole or of other nations. Thirdly, loss of independence is a less clear endpoint than death (34). We did not use a lifetime diagnosis of depression as part of our definition of ALE but restricted our analysis to depression within 1 year of interview at baseline and follow-up. While the functional status measures of ADL and IADL and the diagnosis of depression are based on self-report, the cognitive test is a functional performance test. Furthermore, the measurement of functional status is itself subject to considerations of definition because of differences in meaning of ADL and IADL items according to gender (35, 36) . Manton and Stallard applied grade-of-membership analysis to functional status measures, achieving detailed subtypes based on ADL, IADL and cognitive functioning (1 1). We were limited in our ability to create finer distinctions given the numbers of persons undergoing the various transitions. Finally, the measurement of psychopathology is also subject to error. Depression criteria as employed in this study may be problematic for older adults (37); consideration of depressive symptoms that do not meet full criteria for major depression might be warranted to get a clearer picture of affective status and ALE. The MMSE is a performance measure of cognitive performance but is not diagnostic for dementia, which is a syndrome requiring a more detailed examination for diagnosis.
Notwithstanding the limitations of the study, the finding that definitions of active life expectancy that include measures of depression and cognitive impairment result in differences in the estimation of ALE deserves attention. Despite the potential for substantial overlap of psychiatric disorders with functional impairment, the addition of a requirement for the presence of a psychiatric disturbance results in decreased estimates of active life expectancy. To the extent that the functional measures do not overlap with psychiatric disturbance, active life expectancy is likely to be overestimated when only standard functional measures are employed. This was particularly true for cognitive impairment, which appears to be a risk factor for frailty (38).
Cognitive impairment
Cognitive impairment is associated with significant implications for the caregiver, risk for functional loss and restriction in coping repertoire. Cognitive functioning deserves to be considered as a dimension separate from ADL and IADL domains. Longitudinal studies have shown a relationship between mild cognitive impairment and the development of functional disability (38), suggesting that cognitive impairment is an important clue to 'preclinical disability' (39). Cognitive function and ADL status tap correlated but separate dimensions and should be assessed independently (40). Reports of dementia-free life expectancy at older ages from Belgium (41), France (42), the Netherlands (43) and Japan (44) were longer than our estimates for ALE when cognitive impairment was included in the definition. For example, dementia-free life expectancy at age 65 years in the Netherlands was estimated to be 14 years for men and 17.7 years for women (43), but our figures for ALE at age 65 years when cognitive impairment was included in the definition of ALE were 8.9 years for men and 8.5 for women (Table 4) . As a percentage of total life remaining, however, our estimates reveal that our sample could expect to spend a smaller fraction of total time remaining at age 65 years in the active state than others have found (e.g. men in our sample aged 65 years could expect to spend 68.3% of total life remaining in active life when cognitive impairment was included in the definition of ALE, while men at age 65 years in Japan could expect to spend 89% of total life remaining dementia-free (44)). At age 90 years in the Netherlands, the estimated dementia-free life expectancy was 2.5 years for men and 2.8 years for women (43), which are similar to our estimates for age 78 years.
A number of substantive and methodological factors might contribute to these differences. First, our estimates of total life expectancy at age 65 years are lower than other estimates, perhaps reflecting the substantial problems associated with living in an inner city. Since our total life expectancy is lower than others, our estimates of ALE with or without cognitive impairment can also be expected to be lower. Secondly, in this study, we are assessing cognitive impairment in relation to performance on a standardized instrument, but we are not evaluating participants for the presence of the dementia syndrome. Because cognitive impairment is a subset of dementia, our estimates of percentage of active life remaining when cognitive impairment is included in the definition of ALE might be expected to be larger than estimates derived from studies in which a diagnosis of dementia was made. In any case, adding the dimension of cognitive impairment to our definition of ALE results in substantial changes in our estimates of remaining active life, especially for women.
Depression
We did not find marked effects of adding depression to the definition of ALE on estimates of ALE. Transition rates differed for men compared to women when depression was part of the definition of disability. Depression made the greatest contribution to ALE among younger adults, not older adults. One explanation might be the overlap between functional impairment and the diagnosis of depression so that most persons with depression would have reported some ADL or IADL impairment. In fact, there was relatively little overlap of depression with functional status as operationalized in this study. The numbers of persons identified as 'depressed' according to this syndromal definition is small relative to the numbers identified as functionally or cognitively impaired. The effect of adding depression to definitions of disability will be subtle, and will only be revealed to the extent that mean values can be shifted by the effect of depression on mortality or functional outcomes. As expected, the transition rate for moving from the impaired state to death is lower in females when depression is included in the definition of disability across age strata. For most age groups of males, including depression in the definition of disability increases the transition rate from impairment to death relative to definitions that do not include depression. Men also appear to be less likely to 'recover' (the right-hand column of Table 4 ) when the definition of disability includes depression. The higher death rates for men relative to women when the definition of disability includes depression and functional impairment relative to one that includes only standard functional measures indicates that depression has different implications for men and women.
The definition of depression employed here was syndromal depression; that is, depression that meets the standard criteria for major depressive disorder as set forth in the psychiatric diagnostic manual (25). Studies suggest that symptoms of depression are enough to signal poor functional outcomes even in the absence of major depressive disorder; indeed, the majority of disability in the population attributable to depression occurs among persons who do not meet standard criteria for depression (45, 46) . Furthermore, among the elderly, syndromal depression may not completely capture the range of depressive syndromes (37, 4749) . In other words, use of the syndromal definition as implemented in this study might underestimate depression among older adults, so that the contribution of depression to diminishing ALE is not appreciated.
With Robine we asked, ' ... how long can one expect to live, i.e., to function, without suffering pain, tiredness and anxiety; without loss of abilities, without deterioration in performance and dependence for carrying out basic actions; and without loss of autonomy?' (50) Measurements of ALE tend to ignore dependencies related to psychological causes, and should move beyond mere enumeration of ADL and IADL (7). Because of the prominent role of mental status in preclinical disability and quality of life for older persons, mental status should be an important consideration in estimation of ALE.
